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(54) CnOC06 H3rOTOBJlEHHfl rOOP^PO- 
BAHHOrO CTA/lbHOrO n/lACTb!Pfl 
(57) CyiUMOCTb wao6peTeKH*: TepMoo6p&6oTKy 
nnacTwpP tok3mw bwcoko* vacTOTbi ocymecr- 
e/i«iOT nocne rcKfrpwpoeaNua. a cm330mmu* 
c/ioA HaHOCflT nooropHO txocne ox/i a>*Ae h . 
npeAflaraeMbift cnocofc n03eo/iaeT 3a c^eT no- 
u^u/eHM* n/iacTM^MUx cbo&Ctb MeTanna na- 
Ae*MO o6ecneM«Tb repMe™3au*K> 
peMOHTupyeMOro ysacTfca CKBa*n«bi. 1 rao*. 



Ul306pereMvte othocwtc* k o6pa6oTKC Me* 
Tanna AaBit0HM8M» e MacTHOCTH « TexHonorwM 
Msrcrroa/ieHun rotpwpoaaMHux Tpy6. 

OCHOBHUMH OnepaUMJlMH B TeXHOAOrM*e- 

ckom npouecce MaroToaneHw* tohkoctchm^x 
ro4>pMpOBaHHWx Tpy6 ae/metca xonOAnan Ae- 
4>opMauHfl,!HanpMMep eonoMenwe vi npOKanca 
rpyb, xnMui*eCKaa o5pa6oTxa. tepMMnacicaR 
o6pa60TKa ana chatw* ocraTOMMwx Hanpaxe- 
HW*« B03HWIcaK>lUVlX b pe3yAbra*e AC^opMa- 
uviw n npo^vwHpoeaHMB MeTOAOM Hejcancw. 

W3aecT9M cnoco6 n3roroaAeMM* Tpy6 c 
npoAO/ibHbTMiA rcwfrpaM* nyTeM AayxaTannoro 

<t>OPMOB3MMfl TPy6b»-3arOTOBKW. HpMMQM H3 

nepBOM arane ee ro<t>pwpyiOT paAVta/ibHUMVi 

yCM/IHJIMM. B H8 BTOPOM 3T3ne 06^M3K)T B 

npo<t>w/iwpoBaMHOv4 BO/toice. 

Oa m **° »o3Huiica»oiunG b peay/tbrare 
c/kwhoA A©4>opMauHn ocTarosHwe nanpw*e- 
mm* He a*** AoctaTOMHoft nonepeMMOft npon- 

HOCTM, M^Tflnn CT3HOBMTCP xpynicwM H 



HenpwroAan b KaMecY8e .inactbip* npn peMOH- 

T6 06caAH0« KO/IOHHW 8 CKBaaWHe. 

£jia cHATMfl ocTatOMHbix ManparceMM* Tpy- 
6wnoAoepraiOTTepMWMecicoft o6pa6oTKe • err- 
>Kwry o nenax wna F1CO-06 wnn r ^O-09 * 
nonyneHMfl na Tpy6ax oweno* n/ieHKn, ew- 
noAH«>omea 4>yHKuwvi noAMa30MHoro noKpw- 
tmb w o6naAaK>me(^ AOCTaTOMHow 
nopwcTOCTbJO w 8ACOp6uMOHHoa cnoco6no- 
cTbto k cwa3xe. 

HaBecreH Taiwe cndco6, npw hotopom 
TOHKOCTeHMbte npo^bHbie rpy6w npaspr 
pacrr»)KeHMeM vtpa3A3^c HarpeBOM na aneK- 
TpoTepMWMeCKOM o6opyAoaaHnn. CHa^a/ia 33- 
rOTOBtcy Tpy6w HarpesaiOT toksmh 
conpOTHDmmwa AO raMnepaTyp^i orxvira, a 
aareM nooie ox/ia^eHna pa3Aa<or npH homo- 

HeAOCTaroK cnoco6a 3aK/!K)MaeTCJi a iom. 

HTO OP* H3/K»KeHWW n/lBCTbipfl K60T0XXen- 
HWX TpyG HpOMCXOAWTb P33QUB no 

npcxfrH/ibHO* ot)pa»yK>mert. s npv; Kano^enwn 
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OAacrupfl M3 oToxwewHbix TpyO c nocneayK?- 
iuum ro<t>pvfpoBaMMeM mojkct npoucxOA"** 06* 
pa3oeaHMe.MMKpoipeaiMH bo anaAHnax v\ Ha 
ewcTynax npoAOAbHux ro<J>p npw Ae<}>opMauvin 
MxAOUwnwHAPviMecKO^OopMw, KorAaeennOT- 
mo npwttMMaiOT (HaKaTwaaiOT) Aopnwpyiomea 
ronOBxotf if BMyTpeHNe* noaepxnocTvi o6caA~ 
mo* KonoHHW. B pe3yntTare n« o6ecnemtaa- 
erca HaatitfHOCTb repMeTW3auwu n3-3a 
MM3KOM n/iacTMMHOCTvi MeTanna ro<t>pnpoeaM- 
HOit) nnacTwpa. 

Ue/ibK) Yi3o6peTeHna «BnAeTCA noawiue- 
Hue H3AeM<M0CTii repMeTW33UMvi o6ca>«eHMoa 
cK8a)KviMW nyreM noBb4tueHn« nnacTw^MocTvt 
MeTanna nnacTupa. 

CymHOCTb M3o6peTeHUfl 3axnK>MaeTca b 
tom. sto TepMOo6pa6oTKy tok3mu BbicoKOPt na- 
ctotw ocyweCTBn«K)T nocne ro(t>pnpooahHA, a 
.aaTeM noaropno naHOCJnr CMa30HHbi* cno*. 

B peay/ibTaie 3HaxonepeMehHb»x Ae$op- 
Mauuft, KOTOpwM noAoepraeicfl MeTanna tpy6 
npw ro<t>pwp06aHMvi xax b npouecce K3roTOB- 
ncHM« nnacTbipetf, Tax m npw pa3AaMe b npo- 
uecce ycTanOBKVi b cxeattHHax, npoucxoAwT 
3nasnTenbHoe ynpowHeHwe MeTanna. npwneM 
Hai*6o/ibiune aHaHewua ynpOMHeHM* npwxoA- 
»tc« Ka enaA^HW ro<t>pwpoBaHHbix Tpy6, 

H3MeneMwe tbcpaocth (Hv) dan* MapKM 
10 npu fepMOO0pa6oTKe. ro(t>pwpoeaHwn w 
pasAa^e nnaCTwpa noxa33HO b TaSnwu*. 

143 Ta6nwuu bhaho. MTOTeepAOCTb MeTan- 
na rmacTbipa nocne pa34a*w 0 o6caAHOft Tpy- 
6e AOCTwraeT Han6onbtuuix 3H3MeHMft. ecnw 
nn'acTwpb naroraenviaanca wa HeTepMOo6pa- 
6oTaHHO& Tpy6w. npwi waroToeneMvw nnacrw- 
pert W3 npeAeapviTeAbHO TepMO06pa6oTaMHUx 
Kpyrnbix Tpya npn ro<J>ptfpoBaHMn TBepAOcrb 
MecKOribKOCHM?KaeTC8 no cpaaHeHnK>c HeTep- 
MOo6pa6oTaMHbiMw 3aroTOBxaMH. ho nocne 
pa3AaMM TsepAOCTb eoapacTaer homtm ao to* 
xe ee/iUMUHW; mto w 6ea TepMOo6pa6oTxw. Ho- 
cne TepMMHecKO* o6pa60TKw ro<t>pMpOBaHHwx 
Tpy6 c warpeeoM to*3mm ©bicoxoti MacTOTw 
TaepAocTb mx cHUwaeTC* 3HawnrenbHO, a no- 
cne pa3AaHM oMa MeHbiue. mcm y HeTepMOo6- 
pa6oTaHHbix. 

B oTmmwe ot neMnoro una ra3oooro Ha- 
rpeBa npn oSpaSoTKe saroToexu ToxaMw bwco- 

XO* MdCTOTU PpOVlCXOAMT He3H3MV»TenbH0e 

M3Me«em*e <>opmw ee npo<l>wrtA. Ha nooepxHo- 
cm Tpy6w 06pa3yeTc« tohkm^ cnofl oKanwHbi* 
KOTOpbi^'rte oicnaMBaeTCfl b npouecce Ae<t>op- 
Mauww - oa3AaMM. CMa30MHw& enow HanocwT- 

CP Ma BHyTpCMMlOK) nOBepXMOCTb 

oTo^eMHbix npoAonbHO-ro<J>pvipoBaHMbix 
Tpy6 nocne nxoxnaxAeHW«. Oh npeAQxpanpeT 
BHyrpeHHKDKJ noeepxHOCTb ot xopposnonHoro 
pa3pyujeHM» b npouecce aKcnnyaTau"* « chvi- 
jjceM^fl oceobix ycwni^M a npouecce pa3Aa^vi 
nnacTwpefl. 



R p m m e p. /lift peMonra o6caA«ow ko- 

POHhM A^aMBTpOM 146 MM C TO/ltUHHOtl CT6NKM 

8 mm nnacTbipb M3roTaaonpaiOT vta tohkoctcm- 
mom Tpy6bi A^oMerpOM 130 mm c ToniuwHoi^ 
5 ct6hkh 3 mm n3 CTann MapKH 10. fl/iMHa Tpy6w 
9-11.5 m. 

Ha BHyTpeHHio»o nooepxHocTb Tpy6w na- 
hocwt c/iow fpa(J)WTOBOi?i Mnw Apyort cm33Km. 
npeAHa3HaHCHHOi?i An« CHM^eMMHycunMM ro<J>- 
10 pnpoB3HMfl. ro<()pnpoeaHiHe uwnwHAP^ecxo^ 
TpyObi npon3BOAPT Ha cneuviaAbHo* ycTanOB- 
xe nepe3 po/iMKoeyio ro/ioexy c eHyrpeHHew 
npo4>wAbHoi?i onpaBKOfi. nonynaeTCfl npOAOAb- 
HO-ro4>pvipOBaHHa9 Tpy6a c HapyxnwM A^a- 
15 MeTpOM 1 16 mm u MvicnoM ro<t>p 6 wnw8. 3aTeM 

npOH3B0AMTCfl PUXT0BK3 TO^ptipOBaHHOM Tpy 

Obi nocyie OTpesxn ee na 3aAa«HyK> AAMHy. 

3aieM npow3eoA^TCR TepMMMecxa« o6pa- 
6oT^.a npOAOAbHo-ro<l>pMpOBaHHo* Tpy6w - 
20 HopMaAH3auwfl c narpeeoM tok3mm bwcoko^ 
MacTOTbi Ha ycTanoaxe BMT 30/6. Opvi 3TOM 
npoAO/ibHO-roct)pvipOBaHHa« tp y 6a ycTanaa- 
nnBaeTC« ropw30HTanbHO Ha poamkobux ono- 
pax n c onpeAG/ieHHO^ cxopocTbK) 
25 npoAe* r aeTCfl ^epe3 wHAy^TOp. 

OxAa^AeHwe Tpy6bi npow3BOAWTc» Ha 
ao3Ayxe. CMa3xa. xoTopas 6wna HaHecena ne- 
peA ro4)pMpoBaHMeM. awropaeT. 

Tax xax b cKoa>KHHe npw ycTanoBxe nna- 
30 CTbipfl 0 HHTepBane peMOHia npon3BOAWTc« 
pa3Aa^a n/iacTbipn ao xpyr^ovt <{)opMbi m npw- 

>K3TVlft K CTeHKe 06c3AH0W Tpy6w. TO npM 3T0M 

B03HMxa»or 6onbiuue KOHTaxTHbie narpysxn 

MOKAy OAaCTWpeM M WHCTpyMeHTOM aa« pas- 
35 A3MH. flAfl CHH)KeHMS» 3TMX H3rpy30X HZ BHyT- 

peHH»o»o noBep^HOCTb HAacTwpA naHocmc» 

BTOpWMHO CMa30MHWI?t C/lOCi. KOTOpblVl C/iyttWT 

xax aha chwweHMH ycnnM<H, 803HWK3K)mnx npvi 
paaA^e nA3CTbip», Tax m aah npeAOxpaneHwa 

40 3TOI^ nOBepXHOCTM OT X0PpO3MOHHOr0 pa3PY' 

iueHM» a npouecce axcnnyaTaunvi. 

CoHeTaH^e TepMMMeCKOii o6pa6oTKM nna- 
CTwpeft nocne ro4>pwpoeaHMfl w Hat^ceHwe 
CMa30MHoro cnofl Ha BHyTpoHHioto noBe^x- 
45 HOCTb nocne tepMMMecxo^ o6pa6oTKM no3BO- 
i\*\ot noewCMTb n/iaCT*MM0CTb MeTanna 
nnacTwp oSecnennTb 6naroA3P» 3*0My na- 
Ae>KH0CTo repMeTM3au^»n peMOHTwipyeMO^ 

' CKBattHHW. 

50 

ct> opMyna M3o6peTeHH» 



Cnoco6 M3roTOBneHM» ro<t>pwp083HHoro 
cTanbHoro nnacTwpa, npewMymecTBeHHO an* 
55 peMOHTa o6ca>x:eHHoiH cxsa^^Hw. BKAJO^aK)* 
uuwm TepM006pa60TKy 3arOToa*n. HaneceHne 

CM330MHOrO CnOa UB BHyipeHHKW nOBCpXHOCTb 

aarotoBxn u ee ro4>p*pOAaHwe. oTnwHaomnv> 
c « TeM. irro. c uenbK) noBbiujCHH» HaAoxnocru 
repM(rrn3auvin o6ca>xeHHOf< cks.ixhww nyreM no- 
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BbJiueHiffl nnacTMMHocT* MeTa/we nnacTMp*. 

TepM006pft50TKy T0K3MM BUCOKOft M3CTOTW 



nOBTOpHO H8HOCJIT CM830Mr.l»»A CrtOM. 



l/ICXOAHOe COCTOH 

Hwe Matepwana 



flo ro<t>pMpoaaHMfl 



Bea TepMoo6pa- 
6oticm 

C repMOOfipaSoi- 

KOtt 

663 TepMoo6pa- 
60TKW 



BHJft OfipfiOOTKM 



1570 



1350 



1570 



floc/ie ro4>pwpo- 
aaHHR 



1750 



1660 



1750 



TepMOOdpa&OTka 
noc/te ro<t>pMpoB3: 
hmp (MOpMann3fl- 
UMP) c HarpeBOM 

TOKdMH BHCO- 
KOW MaCTOTUI 



1350 



floc/ie pa^AaMn 



2020 
1966 

1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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